INTRODUCTION
The encrusting anemone Zoanthus spp. (suborder Brachycnemia), which forms colonies on hard surfaces, is commonly and widely found from warm temperate to tropical waters along rocky and coral reef shorelines (Fig. 1) . Ecological research has thus far been scattered, with studies of Z. pacifflcus and sexual reproduction patterns conducted in Hawaii (Cook, 1976) and in Jamaica using Zoanthus spp. (Karlson, 1981) . In addition, growth and development of Jamaican Z. solanderi (Karlson, 1988) , and asexual colony growth and shape change in Z. solanderi and Z. sociatus in Jamaica have been examined (Karlson, 1991) . In Japan, Zoanthus spp. are found abundantly in the infra-littoral zone from the mid-Honshu Pacific shoreline south through to Okinawa, but research regarding Zoanthus is almost nonexistent. In order to obtain data on long-term changes in Zoanthus spp. distribution in the infra-littoral zone and investigate environmental influences on Zoanthus spp., a long-term transect study (1 X 50m) was conducted at the Taisho Lava Field coastline at Sakurajima, Kagoshima, Japan. The field site was formed by lava flowed from the 1914 Taisho Eruption of Sakurajima volcano, and is unique in its relative newness. As well, the site is a part of a marine park (Hirata and Osako, 1969) , and has abundant and rich infra-littoral life. This site is ideal for investigating effects of environmental changes in Zoanthus and other marine life, including the effects of volcanic ash-fall from nearby Sakurajima volcano, and seawater temperature changes.
MATERIALS AND METHODS
The field site was located on the west coast of Sakurajima, in Kagoshima Prefecture, at 31° 35'N,130° 35'E (Fig. 2) . The lava rock at the site consists of pyroxene andosite and dacite 
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Si02, which make up 5767% of the rock mass (Fukuyama and Ono, 1981) . In addition, large amounts of volcanic ash can be found on the site, deposited by the semi-frequent ash-falls. The transect site beach's width is approximately 20m between extreme high and low tide lines, and the site itself extends for 50m in a small bay where the influence from waves is small. Depth at 50m from the low tide shoreline is 6m, and drops to 7m at 70m from the low tide line. The transect was originally marked in 1982. All surveys were conducted with scuba gear and waterproof 1 mm graph paper. From August 1995, iron pegs were set in place every lOm from the low tide line to a distance of 50m from shore, and the entire length of the belt transect was surveyed at a width of lm. A 1 X lm stainless steel square quadrat frame with thin elastic string tied across the frame every 1Ocm was used (thus, the 1 X lm frame was made up of 100 squares, with each square representing 1 % cover). Distribution, size, and cover of Zoanthus was noted to a degree within 1 cm with Vernier calipers. Despite convoluted terrain in places, surveyed sites were treated as flat surfaces as much as possible. In the case of sloped or convoluted terrain, aluminum poles were used as legs to adjust the quadrat into a horizontal, "flat" position. As well, with colonies under 1Ocm in diameter, the maximum and minimum diameters were measured by Vernier calipers. All field data were then transferred to graph paper, and distribution and cover of Zoanthus spp. was calculated. Classification of Zoanthus to the species level has been historically difficult, but currently classification using 18s rDNA is underway.
Sakurajima volcano ash-fall data (kg/m2) collected from three sampling stations close to the field site (Koike, Yunohira, and Akamizu) run by the Kagoshima Prefecture Disaster Prevention and Measures Office were used. Monthly average seawater temperature data for the period 1988-2000 was collected from the Kagoshima Marine Fisheries Research Center. These data were taken from a location in Kagoshima Bay at 31° 30' N, 130° 35'E with an electronic seawater thermometer mounted aboard the KagoshimaNaha ferry, at a depth of 5m. In addition, seawater temperature from the field site was recorded monthly at a depth of 3m starting from July 1999, and these data were compared to the Kagoshima Marine Fisheries Resercher's data. Average temperatures at the study site were + 0.82°C higher than the Fisheries data, with a maximum variation of -1.02 °C. These small differences are not believed to have much effect on the growth and distribution of Zoanthus spp., and in this study the Fisheries data were used from 1995 to 1999, and field site data were used from 2000 to 2002. Figure 3 shows the changes in Zoanthus spp. cover in 1982, and the period of 1995-2002.
RESULTS

Zoanthus distribution
Zoanthus appeared first at a distance of 9m from the extreme low tide line. Average cover for the distance of 0-lOm along the transect was 0.1%. 10-20m cover was 6.1%, 20-30m cover 15.4% with a high of 28% Zoanthus cover for the 1m2 between 25 m and 26 m along the transect. 30-40m cover was 19.3% with a lm2 highest cover of 50%, and 40-50m cover 33.3% with a high of 62%.
As shown in Figure 4 , there were many changes in Zoanthus distribution along the transect between 1982 and 1995. Zoanthus appeared at a distance of 4m from shore, and the 0-lOm cover rose to 2.9%.10-20m cover was 6.2% with a high of 17%, and 20-30m cover 19.5% with a maximum of 65% over 1m2. 30-40m cover was 9.5%, a drop of 9.8% from 1982 cover. 40-50m cover also showed a large drop, from 33.3% in 1982 to 10.4% in 1995.
On August 14th in 1996, typhoon number 12 hit Kagoshima City, bringing with it the strongest winds ever historically recorded in the city, with a speed of 58.5m/sec. During the typhoon, a 6700 ton freighter was ground on the study site, resting on the bottom from a transect distance of 26m from low tide line outwards. The freighter was moved three days later.
Cover increased from 1995 in 0-lOm to 4.0%, but decreased slightly over 10-20m to 5.3%. Due to the freighter incident, cover decreased between 20-30m to 8.4%, 30-40m to 8.2%, and 40-50m to 4.5%.
There was little in the way of typhoon activity in 1997, and volcanic ash-fall from Sakurajima considerably decreased. However, little changes were seen in Zoanthus cover. 0-l Om cover increased to 4.9%, 20-30m cover, and 30-40m cover all increased slightly to 8.1%, 12.7%, and 8.3%, respectively. 40-50m cover decreased slightly to 4.1%.
1998 Zoanthus distribution August 1998 saw summer seawater temperatures much higher than usual, reaching above 30 °C (Fig. 5) . Kagoshima
Marine Fisheries Research Center data shows that the August monthly average temperature was 29.57°C, 1.56 °C hi gher than in August 1997. Despite these high temperatures, there was little change in the Zoanthus cover. Cover over 0-lOm decreased to 4.0%, 1O-20m cover dropped slightly to 7.0%, 20-30m cover increased to 14.1%, 30-40m cover dropped to 7.7%, and 40-50m cover barely increased to 4.3%.
Due to the high seawater temperatures seen in 1998, Zoanthus cover decreased in 1999 when compared to 1998. August 1999 average seawater temperature was 27.5°C, 2.07°C lower than August 1998 temperature.
0-lOm cover dropped to 3.6%, 10-20m cover to 2.5%, 20-30m cover to 8.5%, 30-40m cover to 3.8%, and 40-50m cover to 3.5%. Especially notable were large drops in size of many large colonies. At a distance of 17-18m along the transect, Zoanthus cover dropped from 32.5% to 20.5%, 21-22m from 62.3% to 43.3%, and at 22-23m from 21.3% to 11.8%.
Small decrease in Zoanthus cover were observed all along the transect in 2000. From 0-lOm, cover dropped from 3.6% to 2.9%,10-20m from 2.5% to 1.9%, 20-30m from 8.5% to 8.0%, 30-40m from 3.8% to 3.5%, 40-50m from 3.5% to 2.2%.
As in 2000, there were little in the way of volcanic or typhoon activity in 2001. However, seawater temperature at the study site did rise to 30°C in August (Fig.6) . Due to the close prox- Data collected from Okinawa-bound ferries with an electronic thermometer. typhoon activity, and Zoanthus cover continued increasing. Cover was 7.0% at 0-lOm, 12.2% at 10-20m, 14.8% at 20-30m, 7.4% at 30-40m, and 4.4% at 40-50m. Thus, all lOm sections showed increases in Zoanthus cover.
Influence of Sakurajima volcanic ash-fall on Zoanthus spp.
Being close to Sakurajima volcano, and being located in a small bay, it is believed that the field site's infra-littoral zone is heavily influenced by volcanic ash-fall. At the end of August 1982, Sakurajima volcano erupted, and 2-3cm volcanic ash fell at the field site, covering many infra-littoral zone animals. Transect studies being conducted at the time investigating seasonal changes in Zoanthus spp. showed that there was a marked decrease in Zoanthus spp. cover. This was dramatically seen at one location at a depth of 3m immediately next to the transect (Fig. 7) , where Zoanthus cover of a 50cm X 50cm quadrat square was 45.5% on July 30 before the eruption, 37.7% on August 30 during the eruption, and 10.1% by September 30 after the eruption.
Influence of Seawater Temperature on Zoanthus spp.
Zoanthus % cover in the belt transect (1 X 50m) for each year between 1995 and 2002 was calculated and compared with past data. Seawater average temperature data for August was calculated by averaging August seawater temperature data from the past 20 years, obtained from the Taniyama Station (N30° 30', E130° 35') of the Kagoshima Marine Fisheries Research Center (KMFRC). Seawater temperature data from KMFRC for August of each year was compared to this average. Yearly temperature data and Zoanthus cover were examined for possible relationships (Fig. 8) .
During August 1998 seawater temperatures were approximately 2°C higher than normal, and these temperatures continued for almost 1 month. As a result of this, Zoanthus cover fell 3.1% in August 1999 when compared to 1998. Again in August 2001 seawater temperatures rose to 2°C higher than average, but these temperatures did . not last for more than 2 weeks, and no influence was seen on Zoanthus colonies in the belts transect. The strong decrease in August 1996 was due to a freighter running aground and disturbing and removing the substrate in the transect during a typhoon. 
DISCUSSION
Reasons for Zoanthus cover decreases Zoanthus colonies exist on hard substrate, and cannot grow and expand on non-hard substrate. Additionally, Zoanthus larvae from sexual reproduction will only survive if they settle on hard substrate and new colonies will not appear on sand or other loose substrate.
Between 1982 and 1995 the cover of lava rock in the transect site decreased from 73.1% to 41.6% due to heavy volcanic eruptions up until 1993 and subsequent ash-fall from Sakurajima volcano. The belt transect is located within Kagoshima Bay Marine Park, and there are no houses or other buildings close to the transect area, and thus runoff and pollution were not seen during the study. In addition, runoff from rivers or streams is not existent at the transect site. Due to this, it is safe to say that the increase in loose, sandy bottom can be attributed to volcanic ashfall. However, whether the increase in sandy substrate resulted in the large decrease in Zoanthus cover, or the heavy ash-fall landing on top of Zoanthus colonies directly (as seen in Fig.  7 ) caused the decrease is debatable.
Despite the lack of ash-fall between 1995 and 2002, recovery of Zoanthus cover to previous levels between 35 to 50m from the extreme low tide line was not seen. In this region of the transect Zoanthus was replaced with other macrobenthos, such as Entacmaea actinostoloides .
Influence of Sakurajima Volcanic Ash-fall Ash-fall from Sakurajima for the period 1980-2002 is shown at three collecting stations (Koike, Yunohira, and Akamizu) in Fig. 9 . The field site is approximately 1.5km SW of Koike, 2.5km W of Yunohira, and 2.5km NW of Akamizu. Ashfall was heaviest in 1985, when 60407.2g/m2 of ash fell at Akamizu. For the 22 years between 1980 and 2002 a total of 257285.lg/m2 of ash fell at Akamizu. This works out to a total ashhall of 257.3 tons of ash falling on the field site (20 X 50m) over this period (Kagoshima Prefecture, 1998) . The terrain type of the transect reflects this, with the amount of sandy/ash bottom cover increasing from 1982 to 1995. This may be a contributing factor to the overall decrease in Zoanthus cover from 1982 to 2002 noted.
It is believed that heavy ash-fall from large eruptions, both over the short-term and long- 
Influence of Seawater Temperature
In 1998 large-scale coral bleaching (the expulsion and/or degradation of zooxanthellae and consequent damage andlor death of host corals) due to elevated seawater temperatures was seen all over the world (Tsuchiya, 1999) . Okinawa Prefecture to the south of Kagoshima suffered coral bleaching on an unprecedented scale, and many studies documented the effects of high ocean temperature (Hasegawa et al., 1999 Taniguchi et al., 1999 Kayanne et al., 1999; Fujioka, 1999) . As seen in Figure 5 , Kagoshima also experienced unusually high seawater temperature. The strong influence of these high temperature can be seen on the decrease in Zoanthus cover at the study site between 1998 and 1999. However, in Reimer et al (in preparation), laboratory studies show that zooxanthellae from Zoanthus at Sakurajima decreased when Zoanthus was exposed to temperature for one month approximately 30°C in the laboratory, but Zoanthus can recover with a return to lower (20°C) temperatures.
It is highly possible that Zoanthus can weather the abnormally high temperatures of almost 30°C seen in 1998 and then recover with a return to lower temperature.
In conclusion, as seen throughout the course of this study, many different environmental factors influence Zoanthus distribution in the infralittoral zone. Volcanic ash-fall, temperature, as well as soil runoff and salinity changes (both prevalent during the August 1994 floods in Kagoshima), not to mention typhoons, all have impact on Zoanthus. In addition, the planned construction of man-made beaches, islands, and other projects in the field site's vicinity will undoubtedly change Zoanthus distribution and the infra-littoral dynamic. These changes will be the subject of further research.
